The cell membranes of a T-strain of mycoplasma, obtained by ultrasonic disruption, were as effective as whole organisms in eliciting metabolism-inhibiting and complement-fixing antibodies. The soluble fraction separated from cell membranes by centrifugation at 35,000 x g showed a minor ability to elicit an antibody response as measured by metabolism inhibition and complement fixation tests. After a further centrifugation at 100,000 x g, the immunogenic activity of the soluble fraction was completely lost. Immunogenic determinants in mycoplasma membranes could also be demonstrated by adsorption tests: cell membranes were more effective than soluble fractions in adsorbing antibody capacity from the immune sera against whole cells. It has been shown by further experiments that cell membranes have at least two major antigenic determinants, which differ either in chemical nature or in capacity to adsorb and evoke antibodies, characterized by different serological behaviors.
Membranes of several mycoplasma species have been isolated by different procedures and examined for their antigenic properties (8) .
In spite of the difficulties in separating the cell membrane from the cytoplasm, localization studies of the antigenic activities have shown that immunogens eliciting the production of metabolism-inhibiting (MI) and growth-inhibiting as well as complement-fixing (CF) antibodies (8) are located in the cell membrane.
Chemical analysis of mycoplasma membranes shows that, like other biological membranes, they are essentially built of protein and lipid (7) .
A previous report demonstrated that the CF activity of a T-strain of mycoplasma was associated with its own lipid component (10) , and since virtually all the lipid content is located in the membrane (7) , it is likely that this activity is membrane bound.
This possibility prompted a study of immunological characterization of the T-strain mycoplasma membrane.
The results of our investigations are presented in this paper.
MATERIALS AND METHODS
Organisms and growth conditions. The T-strain of mycoplasma studied was P108, isolated from human vagina in our laboratory. This strain can be classified as Ureaplasma urealyticum on the basis of its habitat, cultural and biochemical properties, and serological cross-reactivity with serotype VI (strain Pi, ATCC 27818) of U. urealyticum.
The organisms, grown in Trypticase soy medium (11) containing 5% (vol/vol) horse serum, were harvested after 16 to 20 h of incubation at 3700, washed three times in 0.25 M NaCl in the cold, and resuspended in a small volume of the same solution.
Isolation of cell membranes and soluble cell proteins. Soluble proteins and cell membranes of strain P108 were obtained by ultrasonic disruption of the organisms. An organism suspension in 0.25 M NaCl was treated in a Biosonik II ultrasonic disintegrator (18.6 kHz/s) at 40C for 15 1-min periods, with 1-min intervals to avoid heating. The soluble fraction was separated from the cell membranes by centrifugation at 35,000 x g for 2 h at 40C. Part of the soluble fraction was subjected to an additional centrifugation at 100,000 x g for 2 h at 40C. All the soluble fractions were freeze-dried and stored at -20°C.
The cell membranes were washed three times in (10). Adsorption of antisera. Antisera were adsorbed against membranes by addition of 0.1 ml of antiserum to the sedimented antigen (containing 1 mg of protein). Adsorption against soluble cell protein and membrane proteins free from lipid antigens was done by mixing equal volumes of antiserum and protein solution (10 mg/ml). The mixture was shaken at 37°C for 1 h, transferred at 4°C overnight, and then centrifuged at 25,000 x g for 15 min. The supernatant fluid was separated and adsorbed against another portion of the antigen, as described above.
For adsorption of antisera against membrane lipids, dried lipids, obtained from membranes containing 3 mg of protein per ml, were emulsified in 0.3 ml of antiserum, and adsorption was carried out as described above. The adsorbed sera were kept at -20°C until used.
Serological tests. The CF test was carried out in a microtitration system, using the whole-cell suspension as antigen (10) .
The MI test was carried out as described by Purcell et al. (6) .
RESULTS
Immunogenicity of cell membranes and soluble protein fractions. The antisera obtained by immunization of rabbits with P108 organisms, cell membranes, and soluble protein fractions were tested for CF and MI with P108 organisms. Heterologous controls were also used, i.e., Mycoplasma hominis (strain PG21), grown in the medium with 1 g of L-arginine per 100 ml, and horse serum, to assay the reactivity of the T-strain antigen with horse serum or medium components. Table 1 shows that cell membranes of strain P108 were as effective as whole cells in eliciting MI and CF antibodies. The soluble fraction showed a minor ability to elicit an antibody response, as measured by the above-mentioned tests. Furthermore, the soluble fraction subjected to a further centrifugation at 100,000 x g failed to elicit any significant antibody response, suggesting that the supernatant fractions were contaminated by minute membrane particles derived from fragmentation by ultrasonic disruption.
However, the rabbit antisera were also slightly cross-reactive in the CF test with heterologous controls. The reactivity was completely abolished when the immune sera were previously adsorbed with horse serum; therefore, for the subsequent experiments only immune sera previously adsorbed with horse serum were used.
Localization of immunogenic determinants in mycoplasma membranes could also be demonstrated by adsorption tests. CF and MI antibodies of serum against whole cells were completely adsorbed by washed membranes ( Table  2 ). The activity ofthe soluble fractions ( Table 2 shows again that only soluble fraction 1 was able to adsorb some CF antibodies, thus confirming the hypothesis that this soluble fraction was contaminated with minute membrane fragments.
Adsorption of antibody by membrane fractions. To establish the nature of the immunogens, lipids extracted from membranes and several defatted membrane protein preparations were examined for MI and CF antibody-adsorbing capacity. Lipids extracted from membranes reduced the CF antibody titer but did not affect the MI antibody titer ( Table 3 ). The lipid-free membrane preparations obtained after chloroform-methanol or 10% water in acetone extraction showed a low capacity to adsorb either MI or CF antibody, whereas defatted membrane protein preparations with cold n-butyl alcohol did so most effectively ( Table 3) .
Immunogenicity of membrane fractions. Since lipids extracted with chloroform-methanol from P108 membranes could adsorb only the CF antibodies, and defatted membrane preparations with cold n-butanol could adsorb both MI and CF antibodies, our subsequent experiments were planned to determine whether an antibody response could be elicited by the injection of lipids and defatted membrane proteins into rabbits. However, as the serologically active lipids can be regarded as haptens, we tried to evoke an immune response to lipids in rabbits by the injection of a mixture consisting of lipids extracted with chloroform-methanol (2:1) with human serum albumin.
Lipid antigen and defatted membranes obtained by n-butanol extraction retained most of the ability of whole membranes to elicit antibodies in rabbits (Table 4) . Moreover, only CF (10) , which showed the lipids' ability to react in the CF test with an antiserum against the whole organism.
However, since they cannot adsorb MI antibodies or elicit an MI response, their disposition on the membrane surface seems to be different from that of the lipids of Mycoplasma pneumoniae, which can adsorb and evoke both MI and CF antibodies.
Although immunochemical data are available for only some of the known mycoplasma species, the generalization seems warranted that in most species proteins are the major antigens responsible for eliciting the production of MI and CF antibodies (8) . Lipids play a minor role, if any, in the antigenic activity of the mycoplasmas tested so far. The exceptions are M. pneumoniae and Mycoplasma fermentans (3), in which the major antigen was found in the lipid fraction.
In our Ureaplasma strain, it seems that both chemical compounds, lipids and proteins, are involved in a different way in antibody formation.
Such information indicates that the organisms in the order Mycoplasmatales are surprisingly heterogeneous, and the chemistry of the major determinants may eventually provide further criteria for classification.
